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(54) Implantable cardiac stimulating device 



1 5 7) Apparatus lor applying atrial and ventricular 
therapies tc the heart of a patient using an implanted 
cardiac stimulating device Atrial and ventricular heart 
rates are monitored and analyzed to determine whether 
the patient is sullermg from an atrial or ventricular ar- 
rhythmia and to determine what type of therapy is ap- 
propriate to apply :o the heart Atrial and ventricular 



heart rates are compared to determine if the ventricular 
heart rate exceeds the atrial hean rate and to determine 
whether the ventricular heart rale is stable An early atri- 
al stimulation pulse can also bo applred to determine 
whether the ventricular heart rale follows the atrial heart 
rate Atrial and ventricular therapies are applied to the 
heart based on these determinations 
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Description 

~ivs invention relates to implantable cardiac stimu- 
lating oevices which provide arjiHrrhyihmia therapies to 
the heart ?eg *nntachycardia cardioversion and de- * 
iibnllMioni rind more particularly to an improved meth- 
od and sys'em lor discriminating between atrial and ven- 
tncular arrhythmias by m>aly?ing the atrial And ventricu- 
lar heart rates and depending on such analysis apply- 
ing cardiac therapy -n -he appropriate chamber of the '<? 
heart 

Cardiac stimulating devices such as oacemakers 
and cardioverter-defibrillators are well known A variety 
of devices are presen;ly available that apply electrical 
pulses to a patient's heart m order to maintain a healthy '5 
heart rhythm The simplest cardiac stimulating devices 
apply pacing pulses to the patient's heart at regular pre- 
determined intervals More sophisticated devices mon- 
itor the various heartbeat signals within a patient's heart 
so that the strength and timing of the electrical pulses 20 
applied to the heart can be specifically tailored to the 
patient's varying needs 

Cardiac stimulating devices contain detection cir- 
cuitry to sense the patient's internal heaitbeat signals 
via leads connected to the heart For example a bipolar 25 
lead connected to the patient's ventricle can be used to 
sense the patient's ventricular heart rate By analysing 
the rate and the stability of the ventricular heartbeat sig- 
nal, seme conventional cardiac stimulating devices are 
capable ol determining whether the patient is suffering & 
from an arrhythmia such as ventricular tachycardia fa 
condition m which the heart bonis too quickly) or hbnl- 
latson 1 a condition in when the heart quivers chaotically \ 

Cardiac stimulating devices typicaMy differ to the 
type of stimulation therapy that may be delivered to the 
patient's heart in response to a detected arrhythmia. 

Antitachycardia pacemakers for example, attempt 
to terminate detected ventricular tachycardia episodes 
by applying one or more bursts of fairly weak antitach- 
ycardia stimulation pulses to the patient's heart More *o 
sophisticated devices contain cardioversion circuitry 
which allows synchronous higher energy cardioversion 
stimulation pulses (e g 0 5-5 J) to be used to terminate 
the arrhythmias. Cardiac stimulating devices with defi- 
brillation capabilities can apply higher energy electrical j s 
stimulation pulses (e g. 20-40 J) The various antitach- 
ycardia. cardioversion, and defibrillation stimulation 
pulses that are applied to the heart are all known as "car- 
diac stimulation therapies." 

Typically, the various cardiac therapies are applied 50 
to the heart in a tiered fashion. Initial attempts to termi- 
nate an arrhythmia use the least aggressive methods 
such as applying bursts of antitachycardia pulses to the 
heart. If this fails to terminate the arrhythmia or if the 
arrhythmia accelerates in rate, a cardioversion shock. 55 
or ultimately a defibrillation shock may be applied 

In order to determine whether a patient is suffering 
from an episode of tachycardia lhat should be terminat- 



oci oy ihe application of -1 suitable tnorapy cardiac stim- 
ulating devices typically measure the rale of a patient's 
ventr^ular heartbeat and monitor its stability The sta- 
bility ior regularity of the timing) of a patient's heartbeat 
from beat to beat is indicative of the patient's cardiac 
condition because as is well known a normal human 
heartbeat is somewhat unstable whereas cardiac ar- 
fhythmia's - such as tachycardia episodes - are often 
stable One ol the reasons that many ventricular tachy- 
cardia episodes arc stable is that they are sometimes 
caused by electrical heartbeat signals that have recir- 
culated within the heart by a leedback pathway. A tach- 
ycardia episGde lhat is caused by the feedback of heart- 
beat signal tends to be stable Various algorithms have 
been developed /or determining whether a patient's 
heartbeat should be classified as "stable". For example, 
the period of the most recently measured ventricular 
beat can be compared to the immediately preceding 
beat, or can be compared to a running average of recent 
heart beat periods 

If the ventricular heart rate exceeds a predeter- 
mined ventricular tachycardia threshold rate (eg. 1 50 
beats per minute *bpnV ) and if the beats are determined 
to be stable then appropriate ventricular therapy can be 
applied to the patient's heart Although this technique is 
generally successful for terminating many potentially 
life-threatening tachycardias, there are some circum- 
stances in which a more sophisticated approach would 
be preferred 

For example, occasionally a patient's ventricular 
heartbeat may exceed a predetermined ventricular 
tachycardia threshold and be relatively stable - normal- 
ly an indication that venlr-cular therapy should be ap- 
plied It may be. however that the clevaled ventricular 
heart rate is due to an atrial arrhythmia that has pro- 
duced electrical signals that have propagated to the 
ventricle Atrial arrhythmias are undesirable, but are typ- 
ically not life-threatening because the ventricles ol the 
heart can continue to effectively pump blood even if the 
atrial heart chambers beat arrhythmically. 

If a patient surfers from an atrial arrhythmia lhat 
causes a corresponding ventricular arrhythmia apply- 
ing ventricular electrical pulses to the patient's heart will 
usually be ineffective at terminating the arrhythmia epi- 
sode. Applying ventricular therapy to the patient's heart 
m these circumstances may actually be harmful, be- 
cause the ventricular electrical pulses may initiate a ven- 
tricular tachycardia episode or induce fibrillation. 

Further, using conventional criteria for detecting 
ventricular antiarrhythmias. therapies are typically only 
applied if the ventricular heartbeat is found to be rela- 
tively stable using a stability analysis algorithm. Howev- 
er, occasionally a ventricular arrhythmia may occur that 
is not sufficiently stable to be conhrmed as a ventricular 
episode using conventional stability algorithms. Some 
arrhythmia episodes in which ventricular therapy would 
be appropriate are therefore not treated These epi- 
sodes could, however be detected if atrial and veniricu- 
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•1* norti'bQii signals were analyzed properly 

What is needed therefore is a cardiac stimulating 
ccvicc (hat does not doply venlncular therapy lo a pa- 
tient's heart if the ventricular heart arrhythmia is due to 
an atrial arrhythmia condition but which applies ven- 5 
tncular iherapy when an analysis of the patient's ven- 
tricular and atrial heart rales indicates that it is proper 
to do so II desired, the cardiac stimulating device could 
also apply atrial therapies to the patient's heart 

According to one aspect of the invention there is 
provided an implantable cardiac stimulating device for 
monitoring and stimulating the heart of a patient, the de- 
vice comprising means lor measuring intrinsic atrial and 
venlriculai heart rates characterised in that tho device 
further comprises rate determining means for determm- ; 5 
mg whether the ventricular heart rate is less than, equal 
to or exceeds the atrial heart rate and ventncutai stim- 
ulation means for applying ventricular stimulation ther- 
apy to the heart when the rate determining means de- 
termines that the ventricular heart rate exceeds the atrial *o 
heart rate 

According to another aspect ol the invention there 
is orovided an implantable cardiac stimulating device for 
monitoring and stimulating the heart of a patient the de- 
vice comprising: means lor measuring intrinsic atrial and 
ventricular heart rate characterised in that the device 
further comprises rale determining means for determin- 
ing whether the atrial heart rate exceeds the ventricular 
heart rate stability determining means for determining 
whelhcr the ventricular heart rate is stable and means so 
for applying ventricular stimulation therapy to the heart 
when the stability determining means determines that 
I he ventricular heart r>ite is stable and the rate determin- 
ing means determines that the atrial heart rate exceeds 
the ventricular heart rate. ?s 

The invention also extends to a method for monitor- 
ing and stimulating the heart of a patient with an implant- 
able cardiac stimulating device comprising the steps of 
measuring an atrial heart rate and a ventricular heart 
rate, determining whether the ventricular heart rate ex- +o 
ceeds the atrial heart rate and applying ventricular stim- 
ulation therapy to the heart when the ventricular heart 
rate exceeds the atrial heart rate 

The invention also extends to a method of monitor- 
ing and stimulating the heart of a patient with an implant- -*s 
able cardiac stimulating device comprising the steps of 
measuring an atrial heart rate and a ventricular heart 
rate: determining whether the ventricular heart rate is 
stable: determining whether the atrial heart rate ex- 
ceeds the ventricular heart rate and applying ventricular so 
stimulation therapy to the heart when the ventricular 
heart rate is stable and the atrial heart rate exceeds the 
ventricular heart rate. 

In accordance with the principles of the present in- 
vention, improved methods and apparatus are provided *s 
for applying atrial and ventricular therapies lo the heart 
of a patient with an implanted cardiac stimulating device. 
The atrial and ventricular heartbeat signals ol the pa- 



rents hean are monitored to ceterm.re whether atnai 
( -.nd ventncu'ar thcfapies should be nppiied 

Compared with previously known approaches lor 
applying cardiac therapies which were both over - and 
under inclusive the present technique allows carciiac 
therapies to be applied more accurately by analyzing the 
measured atrial and ventricular heart rates 

For example conventional cardiac stimulating de- 
vices do not apply ventricular therapy unless the ven- 
tricular heart rate is determined to be sufficiently stabie 

With the presenl approach, ventricular therapy is 
applied, even if the ventricular heart rate is not stable 
so long as the ventricular heart rate is determined lo ox • 
ceed the atrial heart rale 

Secondly, because of the possibility of polymorphic 
ventricular tachycardia ('or a less organized ventricular 
tachycardia) being presenl along with a rapid atrial rale 
(such as atrial fibrillation) then ventricular therapy is ap- 
plied even if the ventricular heal rale is not stable so 
long as a predetermined upper rate limit is attained. 

Whenever the ventricular heart rate is less lhan the 
atnal rate the present invention initiates a more detailed 
assessment ol the arrhythmia. For example if the ven- 
tr»cutar rate equals the atrial rate possible causes may 
bean accelerated sinus rhythm a supraventricular tach- 
ycardia, or a ventricular tachycardia with 1 l retrograde 
conducuon Both the supraventricular tachycardia and 
the ventricular tachycardia would be expected to have 
good stability 

Thus the presenl invention activates a stability de- 
termination step whenever the atnal heart rale is qreater 
tharvor equal to the ventricular rate The present inven- 
tion then activates a tracking determination step when- 
ever the atrial heart rale is equal lo the ventricular heart 
rate to determine if tracking is occurring Tracking is de- 
termined by generating a premature atrial stimulation 
pulse and verifying that the ventricular channel has re- 
set The combination of those three determinations (sta- 
bility, rate and tracking) enables the present invention 
to distinguish between atrial and ventricular arrhythmi- 
as 

For example il the heart rale is very stable, and the 
atrial heart rate exceeds the ventricular heart rate 
(thereby indicating no tracking) then a ventricular tach- 
ycardia is presumed and ventricular iherapy is applied 

If the ventricular heart rate is stable and the ven- 
tricular heart rate equals the atrial heart rate, then ap- 
propriate atnal therapy can be applied, so long as ven- 
tricular beats are tracking the atrial beats. 

if on the other hand, the ventricular heart rate is 
stable and the ventricular heart rate equals the atrial 
heart rate, and the ventricular channel cannot be reset, 
then ventricular tachycardia is presumed and ventricular 
therapy is applied. 

Atrial therapy can also be applied if the ventricular 
heart rale is nol stable (initially indicating that the rhythm 
may be of natural origin) but further testing indicates that 
the atrial heart rate exceeds the ventricular heart rate. 
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thereby »*dic*:»nq that ihe a."nythmia is onqinannq r 
the Milium. 

The above and olher advantages of the invention 
will be apparent upon consideration of the following de- 
tailed description taken in conjunction with the accom- * 
panymcj drawings in which like reference numerals re- 
fer io like pans throughout, and m which 

FIG. 1 is a simplified schematic diagram of the im- 
plantable cardiac stimulating device of the present .»<? 
invention shown connected to a patient's heart by 
an illustrative pair of leads and 
FIG. 2 is a flow chart diagram of certain steps per- 
formed by the cardiac stimulating device of FIG. 1 

Previously- known cardiac stimulating devices have 
both over- and under-applied ventricular therapies to 
patient's hearts For example ventricular therapies 
have been over-applied when measured ventricular 
heart rates have exceeded a predetermined threshold 
rate and have been determined to be stable In these 
circumstances, conventional cardiac stimulating devic- 
es have uniformly applied ventricular therapies Howev- 
er, this approach for determining whether ventricular 
therapy is warranted is over-inclusive because it does 
not take into account the possibility that the ventricular 
arrhythmia may be due to an atrial arrhythmia II the ven- 
tricular arrhythmia is caused by an underlying atrial ar- 
rhythmia, ventricular therapies will usually be ineffec- 
tive Further, if such ventricular therapies are applied 
they may adversely affect the patient's condition lor ex- 
ample by precipitating a more serious cardiac event 
such as a ventricular fibrillation 

Previously -known cardiac stimulating devices have 
also under-applied ventricular therapies because ihe 
conventional approach of applying therapy only if the 
ventricular beat satisfies various stability criteria occa- 
sionally fails to identify certain ventricular arrhythmias 
Various algorithms for determining if the ventricular beat 
is stable have been developed and are well known Al- 
though such algorithms are generally satislactory for de- 
termining whether a ventricular beat is stable and thus 
corresponds to an arrhythmia, some arrhythmias re- 
main undetected. 

The shortcomings of conventional cardiac stimulat- 
ing devices are overcome by the cardiac stimulating de- 
vice ol Ihe present invention A cardiac stimulating de- 
vice 10 constructed in accordance with the invention is 
shown schematically in FIG. 1 . The operation ol the car- 
diac stimulating device is controlled by a control unit 1 2 
and control circuitry 14. The control unit 12. which is 
preferably microprocessor-based, executes instruc- 
tions stored in memory 16. The control circuitry 14 prel- 
erably contains suitable circuitry for sensing the pa- 
tient's heartbeat signals. The control circuitry 14 also 
prelerably contains suitable circuitry for generating ap- 
propriate electrical pulses to be applied to the patient's 
heart 18 The control circuitry 1 4 is connected to the pa- 



tient's heart lc vi^ leads 20 

Pielerably the airanqemcnt of :he leads 20 allows 
both dtnal and ventricular heartbeat signals to be 
sensed. Any suitable lead contiguration can be used 
For example, two bipolar leads tone connected to the 
atrium and one lo the ventricle i can be used to sense 
both atrial and ventricular heart activity and to apply ap- 
propriate electrical pulses to the heart If desired the 
leads 20 can incorporate one or more patches or other 
suitable electrodes Preferably the leads 20 are suitabte 
for allowing the cardiac stimulating device 10 to deliver 
cardioversion and defibrillation pulses to the heart. 

Some of the parameters that alfect the operation of 
the cardiac stimulating device 10 are preferably select- 
ed by a physician The physician programs parameters 
into the cardiac stimulating device 10 using a conven- 
tional programmer (not shown). The parameters select- 
ed by the physician can be loaded into the cardiac stim- 
ulating device 10 using conventional telemetry For this 
purpose the cardiac stimulating device 10 preferably 
has telemetry circuitry 22 for receiving the programming 
data 

Although the cardiac stimulating device 10 prelera- 
bly nas pacemaker aniitachycardia capabilities as well 
as cardioversion and defibrillation capabilities the fea- 
tures of the present invention are equally applicable to 
a number of various cardiac stimulating device configu- 
rations For example the cardiac stimulating device 10 
can provide only the functions of a pacemaker with an 
aniitachycardia capability (such as the ability to apply a 
bursl ol pulses to a patient's ventricle) or the functions 
of a cardioverter-defibrillator with no pacemaker anti- 
tachycardia functions 

The cardiac stimulating device 10 of Ihe present in- 
vention allows cardiac therapies to be applied more ef- 
fectively than has previously been possible in part by 
monilonng both atrial and ventricular heartbeat signals 
and by comparing the respective atrial and ventricular 
heart rates. A number of Ihe steps involved in determin- 
ing the appropriate cardiac therapy to apply to a pa- 
tient's heart are shown in FIG. 2 

The ventricular heart rate V and atrial heart rate. 
A. are measured by ihe cardiac stimulating device 10 
(FIG. 1) at step 24. At test 26. the cardiac stimulating 
device 10 (FIG. 1) compares the measured ventricular 
heart rate. V. to a predetermined threshold value. V-p^ 
(e g. 1 50 bpm). which has been determined to be a rate 
that corresponds to a value lower than the tachycardia 
rate for a particular patient. The predetermined thresh- 
old value V TH: may be derived in any of a variety of 
methods, for example. Vj^ could be based on the last 
cycle length, or the average ol several cycle lengths, etc. 

If the measured ventricular heart rate. V. does not 
exceed the predetermined ventricular tachycardia 
threshold. Vjh • then control loops back to step 24. Dur- 
ing the process of looping back, the various other func- 
tions of the cardiac stimulating device 10 (FIG. 1) that 
are necessary lor the operation of the device can be per- 
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ii ihc measured ventricular heart rale V exceeds 
the predetermined venincular threshold V TH then the 
cardiac stimulating device. i0 (FIG. 1i determines 
whcihei the ventricular heart rate V exceeds a higher 
threshold V MAX «e g 220bpmi at lest 29 This optional 
step allows ventricular therapy to be applied to the pa- 
lien s hean hi step 30 in the event that the ventnculai 
heat rate exceeds a relatively high rate When this rate 
is exceeded it is likely that the patient is suffering from 
a polymorphic ventricular tachycardia which wouid ben- 
efit from the application of ventricular therapy 

If the measured ventricular heart rate. V. does not 
exceed the threshold V MAX then at lest 32 it is deter- 
mined whether or not the ventricular heart rate V ex- 
ceeds the atrial heart rate. A If the ventricular heart rate 
V. exceeds the ainal heart rale. A. Ihe heart is experi- 
encing a ventricular arrhythmia that is treated by apply- 
ing ventricular therapy at step 30 If the ventricular heart 
rale does not exceed the atrial heart rate then suitable 
conventional stability criteria are applied at test 34 to 
determine wheiher or not the ventricular heart rate V 
;s stable 

if ihc ventricular heart rale is stable, then at test 36 
it is further determined wheiher or not the atrial heart 
rate A. exceeds the ventricular heart rate. V If the atrial 
heart rate A exceeds the ventricular heart rale V then 
ventricular Iherapy is applied at step 30. If the atrial heart 
rale. A does nol exceed the ventricular heart rale V at 
test 36 then the ainal and ventricular heart rales are 
equal in this situation, it is desirable to differentiate be- 
tween -hose ventricular arrhythmias that are directly the 
rcsut of atrial ar/hythmias and those that are independ- 
ent ventricular arrhythmias Thus, at stop 36 an atrial 
pacing pulse is preferably applied that is slightly ad- 
vanced relative to the measured atrial rhythm. For ex- 
ample if ihe measured atrial heart rate is 150 bpm. then 
an atrial pacing pulse can be applied at a rate of 200 
bpm. If it is determined at test 40 that the ventricular 
pulse rate is unaffected by the early pulse, then ventricu- 
lar therapy is applied al step 30. If at test 40 it is deter- 
mined that the early pulse results in a resetting of the 
ventricular heart rate (i.e. the ventricular pulse follows 
the early atrial stimulation pulse) then the ventricular 
arrhythmia is the result of the atrial arrhythmia and no 
ventricular therapy is applied. This is in contrast to pre- 
viously known cardiac stimulating devices, in which all 
stable ventricular beats exceeding the ventricular tach- 
ycardia threshold resulted in the application of ventricu- 
lar therapy regardless of wheiher the cause of ihe ven- 
tricular arrhythmia was due to an atrial arrhythmia - a 
condition best nol Irealed with ventricular Iherapy. 

If the ventricular heart rate is found to be resei al 
test 40 appropriate atrial therapy (such as bursts of atri- 
al stimulation pulses, etc.) may be applied to the pa- 
tient's heart at step 42 The application of ainal therapy 
at step 42 is optional and the decision of whether to in- 
voke atrial iherapy is preferably made by the physician. 



For example if the pnys;ciar de'.Cfmmes that h parent 
does not suffer I'om atrial arrhythmias then atrial iher- 
apy will nol be applied regardless ol the results ol test 
40 

5 If at test 34 it was determined that the ventricular 
heart rate was not stable then al lesl 44 the cardiac 
stimulating device 10 {FIG. 1) determines whether the 
atrial heart rale A exceeds the ventricular heart ?ate. 
V If it »s determined thai the atrial heart rate A exceeds 

'0 the ventricular heart rate V. at lest 44. then optional atri- 
al iherapy may be applied al step 42. If the atrial hcarl 
rate is not found to exceed the venlncular heart rate at 
test 44 then the atrial and ventricular hearl rates are 
equal which indicates that the patient is probably cxhib- 

? 5 itmg a normal « albeil elevated -- sinus rhythm Thus 
no therapies aie applied if the outcome of test 44 is neg- 
ative Following a negative outcome of lest 44 and fol- 
lowing the application of atrial and ventricular therapies 
at steps 42 and 30 control returns lo step 24 via loop 46 

:o 

Claims 

1. An implantable cardiac stimulating device lor mon- 
& coring and stimulating the heart of a patient the de- 
vice compns:nq means for measuring inlrinsic atrial 
and ventricular heart rales characterised in that the 
device further comprises: rate determining means 
for determining wheiher the ventricular heart rate is 

JO less than equal to or exceeds the atrial hearl rate 
and ventricular stimulation means for applying ven- 
tricular stimulation therapy lo the heart when ihe 
iHic determining means determines that the ven- 
tnculai hean r*te exceeds the atrial heart rate 

2. A device as claimed in Claim 1 characterised by 
stability determining means for determining wheth- 
er the ventricular heart rate is stable wherein a sta- 
ble ventricular heart rate provides an indication that 

to the rhythm is a tachycardia and an unstable ven- 
tricular heart rate provides an indication that ihe 
rhythm requires further testing to determine if it is 
ol nalural origin 



J 5 3. a device as claimed in Claim 2. characterised by 
means for activating the stability determining 
means in response to the rate determining means 
determining that the ventricular heart rate does not 
exceed Ihe atrial heart rate. 

so 

4. A device as claimed in Claim 2 or Claim 3. charac- 
lensed by: atrial pulse generating means for apply- 
ing an atrial stimulation pulse to the heart at a rate 
slightly faster than the measured intrinsic atrial 
55 hearl rale, and reset determining means for deter- 
mining whether the ventricular heart rate is reset by 
ihe atrial stimulation pulse, whereby ihe resetting ol 
the ventricular hearl rale provides an indication that 
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5. A device as claimed in Claim 4 characterised m !n>ii 
ine ventricular stimulation means applies ventncu- 

ia- stimulation therapy when the stacility deterntn- 5 
met means determines that the ventricular heart i ate 
is stable the rate determining means determines 
iha; the atrial heart rate is equal to the ventricular 
heart rate and the reset determining means deter- 
mines that the ventricular hean rate is not reset by :o 
the atrial stimulation pulse thereby indicating that 
ihe ventricle is not tracking the atrium and a ven- 
tricular tachycardia exists. 

6. A device as claimed in Claim 4 or Claim 5 charac *s 
tensed by atrial stimulation means for applying atrial 
stimulation therapy to the heart when, the stability 
determining means determines that the ventricular 
heart rate is stable, the rate determining means de- 
termines that the atrial heart rate is equal lo the ven- *o 
tncular heart rate and the reset determining means 
determines thai the ventricular hean rate is reset by 

the atrial stimulation pulse thereby indicating that 
:he ventricle is tracking the atrium and an atrial ar- 
rhythmia is present. 25 

7. A device as claimed in any of Claims 2 to 4 char- 
acterised in that the ventricular stimulation means 
applies ventricular stimulation therapy when the 
stability determining means determines that the & 
ventricular heart rate is stable, and the rate deter- 
mining means determines that the atrial heart rntc 
exceeds the ventricular heart rate thereby indicat- 
ing a ventricular arrhythmia is present 

35 

8. A device as clnimed in any of Claims 2 lo 4 char- 
acterised by atrial stimulation means for applying 
atrial stimulation therapy to the heart when: the sta- 
bility determining means determines that the ven- 
tricular heart rate is not stable and the rate deter- jo 
mining means determines that the atrial heart rate 
exceeds the ventricular heart rate, thereby indicat- 
ing an atrial arrhythmia is present 

9. A device as claimed in Claim 1 . characterised in that ^5 
the rate determining means further comprises 
means for determining whether the ventricular heart 
rate exceeds a first predetermined threshold ven- 
tricular heart rate and means for determining wheth- 
er the ventricular heart rate exceeds a second pre- so 
determined threshold ventricular heart rate that is 
greater than the first predetermined threshold ven- 
tricular heart rate, and wherein the ventricular stim- 
ulation means applies ventricular stimulation thera- 
py when the ventricular heart rate exceeds the sec- 55 
ond predetermined threshold ventricular heart rate 

10. An implantable cardiac stimulating device for mon- 



itor : rg ara simulating tr»e heart of n patent ihe de- 
vice composing means lor measuring mtrinstc atri- 
al and ventricular heart rate characterised in thai 
the device further comprises rate determining 
means for determining whether the atrial heart rate 
exceeds (he ventricular heart rale, stability deter- 
mining means for determining whether Ihe ventricu- 
lar heart rate is siable and means for applying ven- 
tricular stimulation therapy lo the heart when, the 
stability determining means determines thai the 
ventricular heart rate »s stable and the rale deter- 
mining means determines that the atrial heart rate 
exceeds Ihe ventricular heart rate 

11. A device as claimed in Claim 10 characterised by 
means for nclivating the stability determining 
means in response lo the rate determining means 
determining that ihe atrial heart rate is greater than 
or equal to the ventricular heart rate 

12. A device as claimed in Claim 10 or Claim 1 1 . char- 
acterised by atrial pulse generating means for ap- 
plying an atrial stimulation pulse lo the heart at a 
rate slightly faster than Ihe measured intrinsic atrial 
hean rate and reset determining means for deter- 
mining whether the ventricular heart rate is reset by 
the atrial stimulation pulse whereby the resetting of 
the ventricular heart rate provides an indication that 
ihe ventricle is tracking the atrium. 

13. A device as claimed in Claim 12 characterised in 
thht the ventricular stimulation means applies ven- 
tricular stimulation therapy when the stability deter- 
mining means determines that the ventricular heart 
rale is stable the rale determining means deter- 
mines that the atrial heart rate does not exceed the 
ventricular heart rate, and either the reset determin- 
ing means determines that the ventricular heart rate 
is not reset by the atrial stimulation pulse or the re- 
set determining means determines that the ven- 
tricular heart rate is reset by the atrial stimulation 
pulse, thereby indicating that the ventricle is track- 
ing Ihe atrium and an atrial arrhythmia is present. 

14. A device as claimed in Claim 10 or Claim n char- 
acterised by atrial stimulation means lor applying 
atrial stimulation therapy lo the heart when the sta- 
bility determining means determines that the ven- 
tricular heart rate is not stable: and the rate deter- 
mining means determines that the atrial heart rate 
exceeds Ihe ventricular heart rate, thereby provid- 
ing an indication that an atrial arrhythmia is present. 

15. A device as claimed in Claim 10 or Claim 11. char- 
acterised in that Ihe rate determining means lurther 
comprises: means for determining whether the ven- 
tricular heart rate exceeds a first predetermined 
threshold ventricular heart rate: and means for de- 
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icfnr.ing wheiner ihe ventricular no/irl irile ex- 
cc«cs a second piede:enn»ned thieshcid venmcu- 
lai nean rate that is greater than the hrst predeter- 
mined threshold ventricular hear? rate wherein the 
ventricular stimulation means applies ventricular ^ 
stimulation therapy whenever the rate determining 
rreans determines that the ventricular heart rate ex- 
ceeds ine second predetermined threshold ven- 
ti'Cuia.' hear! rate. 

to 

16. A device as claimed in Claim 10. characterised in 
that the rate determining means further comprises 
means tor determining whether the ventricular heart 
rate exceeds the atrial hean rate and the ventricular 
stimulation means applies ventricular stimulation '5 
therapy when the rate determining means deter- 
mines that the ventricular heart rate exceeds the 
.itririi heart rate 

20 
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(54) Implantable cardiac stimulating device 

(57) Apparatus for applying atrial and ventricular 
therapies to the heart of a patient using an implanted 
cardiac stimulating device. Atrial and ventricular heart 
rates are monitored and analyzed to determine whether 
the patient is suffering from an atrial or ventricular ar- 
rhythmia and to determine what type of therapy is ap- 
propriate to apply to the heart. Atrial and ventricular 



heart rates are compared to determine if the ventricular 
heart rate exceeds the atrial heart rate and to determine 
whether the ventricular heart rate is stable. An early atri- 
al stimulation pulse can also be applied to determine 
whether the ventricular heart rate follows the atrial heart 
rate. Atrial and ventricular therapies are applied to the 
heart based on these determinations. 
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